neurons were responsive to the angle at which the face was presented.
The authors further experimented with masking or showing parts of the face, and with jumbling up facial features within the face, and found that a subset of faceselective neurons responded preferentially to whole, unjumbled faces. Their results suggested that face-selective neurons were preferentially responsive to faces and were not an artefact of experimental conditions. Individual neurons did not respond to a specific face, but to a subset of the faces shown. Although this meant that an individual neuron could not easily signal the identity of a particular face, it would be possible for a population of face-selective neurons to produce a pattern of responses which would be unique to an individual face. This solution would avoid the pitfalls of the Grandmother Cell theory.
What struck me about the paper, and the technique used, was that it really got to the root of the problem. One did not have to try to infer how the neurons in the cortex were functioning in a given behavioural paradigm, or how they responded to a pharmacological intervention, one could directly measure what the neurons were doing in a given situation. Moreover, the face-selective cells were comparatively common in the temporal visual cortex and seemed to provide a good example of neurons encoding complex visual information. I wrote to Edmund Rolls at the Experimental Psychology Department in Oxford to ask if there were any post-doc positions coming up in his lab.
I heard nothing for several months and then, out of the blue, he phoned to say he was giving a talk in Cambridge and, if I liked, we could meet. We met on a Friday and he offered me a post to start on the following Monday. This was fortuitous, as the money for my post in Cambridge had run out that day. I accepted his offer and spent the next three years using micro-electrode recording to examine the responses of face-selective neurons.
The Perrett et al. paper was a harbinger of things to come. Work on primate face-selective cells has burgeoned in the past few years. The analysis of neuronal spike trains from anaesthetised monkeys has helped explain how populations of neurons might encode complex stimuli, and optical imaging in conjunction with electrophysiology has shown a columnar organization of faceselective neurons, perhaps similar to the organization of other visual areas such as V5 or V1. Experiments on awake animals have produced insights into how socially important information (such as direction of gaze) and biological motion are represented and integrated. My own work has focused on how individual neurons encode visual information and more specifically on how fast information is processed at each synapse.
I have now moved from Oxford to set up an electrophysiology lab, but I have continued to collaborate with Edmund Rolls on face-selective neurons. I wonder if I would ever have made the move from behavioural testing to electrophysiology, if I had not stumbled across such an elegant and direct means addressing the neural basis of perception and cognition.
Light regulates gene expression by resetting molecular oscillators ('clocks') that are associated with circadian rhythmicity [1] . The mouse Clock gene product contains an amino-terminal putative basic helix-loop-helix DNA-binding domain followed by a large region (termed the Per, ARNT, Sim or PAS domain) that contains two imperfect repeats [2, 3] ; here, we shall apply the term PAS to a single repeat unit. PAS-domain-containing proteins represent an evolutionarily related family, members of which regulate circadian rhythmicity in diverse organisms [4, 5] . Here, we report that PAS domains are present in several hundred proteins, including dozens of histidine kinase homologues and also ether-à-go-go-like K + channels (Table 1 ). We also reveal that similar 40-45 amino acid regions (herein referred to as PAC motifs) found carboxy-terminal to several PAS sequences are likely to contribute to the PAS structural domain ( Figure 1 Approximately half of all eubacterial or archaeal PAS/PACcontaining proteins are soluble or membrane-bound histidine-kinase sensor molecules. Without exception, these PAS and PAC sequences occur in regions amino-terminal to their histidine-kinase domains. These amino-terminal regions represent regulatory domains that sense input signals [6] , suggesting that PAS sequences have sensory function(s).
PAS and PAC sequences occur also in eubacterial proteins that contain other types of signalling domains (see Table 1 and Supplementary material published with this paper on the internet).
In addition to previously reported eukaryotic PAS-like sequences [4, 5] , we have identified PAS/PAC sequences in human and plant serine/threonine kinases, two additional PAS motifs and two PAC motifs in Neurospora crassa wc-1 and, unexpectedly, a single PAS+PAC domain in members of the ether-à-go-go family of K + channels [7] .
The PAS family may be divided into those that have the PAS motif followed in sequence by a PAC motif, and those that do not; PAC sequences always appear to be preceded by PAS. Evidence that PAS+PAC, and not PAS alone, represents the structural domain comes from the known tertiary structure of Ectothiorhodospira halophila photoactive yellow protein (PYP) [8] ; this protein appears to contain a PAS sequence without an identifiable PAC sequence ( [4, 5] ; this work). The PAS-like region of PYP encompasses the majority of the Magazine R675 Table 1 Representative PAS/PAC-containing proteins. PYP α/β fold, yet excludes three carboxy-terminal β strands. As the predicted PAC secondary structure comprises three β strands [9] , we suggest that PAS+PAC represents the structural domain. PAS+PAC domain sequences are relatively divergent and are likely to have evolved different functions as a result of contrasting selective pressures on organisms. Animal PAS domains have protein-binding and dimerisation functions [10] [11] [12] , which are expected to be retained by other homologues. Indeed, oat phytochrome A PAS domains are known to form homotypic and heterotypic dimers [13] .
We speculate, however, that PAS/PAC is a versatile ligand-binding domain: PYP covalently binds hydroxycinnamic acid [8] , nifL contains flavin adenine dinucleotide (FAD) [14] , and the fixL PAS+PAC domain contains haem and can bind oxygen [15] . Although mammalian hypoxia inducible factor HIF1α and bacterial oxygen-sensor fixL possess similar functions and common domains, HIF-1α is unlikely to be a mammalian oxygen-sensor haemoprotein [16] because a haembinding histidine residue in fixL [15] is not conserved in either of the two HIF-1α PAS+PAC domains.
Other evidence suggests that many PAS+PAC domains may act as light sensors resulting from FADbinding functions. Azotobacter vinelandii nifL and E. coli Aer are known and proposed flavoproteins, respectively [14, 17] ; however, precise FAD-binding sites remain unknown. Although PAS+PAC domains contain neither a βαβ FADbinding motif [18] nor a conserved residue involved in covalent attachment to FAD, the presence of FAD in N. crassa wc-1 and wc-2 might account for their participation in blue-light signal transduction [5] , because this flavin specifically absorbs blue light.
In conclusion, two motifs termed PAS and PAC are represented in each of the three major branches of the tree of life. The presence of PAS/PAC homologues in circadian-cycle regulatory proteins from diverse organisms may reflect the ability of some of these domains to sense cyclical variations in blue light and redox status in cellular environments. Multiple alignments of representative PAC sequences. Predicted [9] secondary structures are shown beneath the alignment: H/h denotes an α-helix and E/e denotes a β strand predicted with an expected accuracy higher than 82% (upper case) or 72% (lower case). Consensus sequences are shown above the alignment [threshold = 75%; c = charged (DEHKR), h = hydrophobic (ACFGHIKLMRTVWY), p = polar (CDEHKNQRST), o = alcohol (ST), t = turnlike (ACDEGHKNQRST), and s = small (ACDGNPSTV)]; polar residues are shown in red, charged in cyan, turn-like in blue, tiny or small in magenta, and hydrophobic in green. EMBL or SwissProt accession codes, and residue limits, are shown to the right of the alignments. Entries are subdivided into eukaryotic (E), archaeal (A) or eubacterial (B) sequences. Insertions or deletions are represented by hyphens. Species: AZOVI, Azotobacter vinelandii; BACSU, Bacillus subtilis; BORBR, Bordetella bronchiseptica; DROME, Drosophila melanogaster; ECOLI, Escherichia coli; HALHA, Halobacterium halobium; NEUCR, Neurospora crassa; RHIME, Rhizobium meliloti; TOBAC, Nicotiana tobacum; PAS and PAC units in B. subtilis kinA were initially identified and their significance assessed using MACAW [19] and two BLAST programs [20] . For example, a BLAST1 search with the non-transmitter region of kinA yielded apparently significant (p < 10 -4 ) similarities to human, mouse and Drosophila Sim homologues; three kinA repeats could be aligned using MACAW with p = 2.0 × 10 -4 (calculated using a maximal searchspace). Iterative methods, including SWise, HMMer, pattern-matching methods and a recently developed method combining BLAST with profile analysis, PSI-BLAST [20] [21] [22] , were used subsequently to identify additional PAS/PAC sequences. Extensive alignments of PAS and PAC sequences, and a larger version of Table 1 are available as Supplementary material, published with this paper on the internet.
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